Because of Swedish laws, the research team cannot share the database used for the current paper, which was created by linking several Swedish registers. However, other researchers may request to gain access to the registers through Statistics Sweden, a Swedish government agency (<https://www.scb.se/en/>).

Introduction {#sec007}
============

While estimates of the prevalence of opioid prescriptions among pregnant women vary across studies, research suggests that a substantial proportion of women are treated with opioids during pregnancy \[[@pmed.1002980.ref001]--[@pmed.1002980.ref005]\]. For example, a study of pregnant women enrolled in Medicare in the United States reported that 30% of pregnant women fill prescriptions for opioids \[[@pmed.1002980.ref005]\]. Given that opioids cross the human placental barrier, maternal use of these medications results in fetal exposure \[[@pmed.1002980.ref006]\]. However, effects of prenatal exposure to both illicit and prescription opioids on child development are unclear \[[@pmed.1002980.ref007]--[@pmed.1002980.ref009]\]. The existing research on opioid use during pregnancy has largely focused on illicit opioids (e.g., heroin) or buprenorphine and methadone in the context of medication-assisted treatment for opioid use disorder \[[@pmed.1002980.ref010]--[@pmed.1002980.ref014]\]. However, the use of prescribed opioid analgesics (POAs) for treatment of pain is much more common than illicit use of opioids \[[@pmed.1002980.ref015]\] or medication-assisted treatment \[[@pmed.1002980.ref016]\]. For example, approximately 5% of women use an illicit substance during pregnancy in the US \[[@pmed.1002980.ref015]\], and less than 3% of women prescribed opioids are prescribed these medications to treat opioid use disorder \[[@pmed.1002980.ref016]\].

The limited research on POA use during pregnancy has focused on birth outcomes, particularly preterm birth (PTB), fetal growth, and structural birth defects \[[@pmed.1002980.ref007]--[@pmed.1002980.ref009]\], all of which have potential consequences for future morbidity and mortality \[[@pmed.1002980.ref017]--[@pmed.1002980.ref019]\]. Some observational studies have reported statistically significant associations between prenatal POA exposure and birth outcomes, whereas others have not \[[@pmed.1002980.ref007]--[@pmed.1002980.ref009]\]. Moreover, it is unclear if observed associations are due to causal effects of POA exposure or confounding from indications for maternal analgesic use (e.g., traumatic injury, acute or chronic inflammation, musculoskeletal or neuropathic pain) or other patient characteristics (e.g., psychiatric disorders, concurrent use of other psychiatric medication) \[[@pmed.1002980.ref016],[@pmed.1002980.ref020]--[@pmed.1002980.ref025]\]. To help address these gaps, we estimated associations between maternal POAs during pregnancy and PTB and small for gestational age (SGA; a proxy for fetal growth restriction) in a large, population-based dataset using multiple definitions of POA exposure and several methods to evaluate the influence of both measured and unmeasured confounding factors. To our knowledge, no previous study has used methods to evaluate the influence of unmeasured confounding, which is critical because solely adjusting for measured characteristics is unlikely to adequately capture all sources of confounding \[[@pmed.1002980.ref026],[@pmed.1002980.ref027]\]. Because no single observational method can account for all plausible confounding factors, we sought converging evidence from multiple comparisons to rigorously test causal hypotheses \[[@pmed.1002980.ref028]--[@pmed.1002980.ref030]\]. Specifically, we compared POA-exposed infants with infants exposed to acetaminophen (i.e., paracetamol), infants born to mothers with POA prescriptions before but not during pregnancy, and their unexposed siblings.

Methods {#sec008}
=======

We conducted a retrospective cohort, complete-case analysis study on a population-based sample of 620,458 Swedish births from July 1, 2007, to December 31, 2013, who were not exposed to opioids for the treatment of opioid use disorder. We processed and analyzed data using SAS 9.4 and STATA 15.1. A STROBE checklist ([S1 Appendix](#pmed.1002980.s001){ref-type="supplementary-material"}) and a description of our planned analyses ([S2 Appendix](#pmed.1002980.s002){ref-type="supplementary-material"}) are included in the supplemental materials.

The institutional review board at Indiana University and the regional ethical review board in Stockholm, Sweden, approved this study. The study used data available from national registers, and informed consent was not necessary.

We obtained data by linking information from several Swedish registers \[[@pmed.1002980.ref031]\]. The Multi-Generation Register includes biological relationships for all individuals born from 1932 and residing in Sweden since 1961 \[[@pmed.1002980.ref032]\]. The Swedish Prescribed Drug Register includes records of filled medication prescriptions since July 2005 \[[@pmed.1002980.ref033],[@pmed.1002980.ref034]\]. The Medical Birth Register includes information on 96%--99% of births and pregnancy characteristics since 1973 \[[@pmed.1002980.ref035]--[@pmed.1002980.ref037]\]. The National Patient Register includes diagnostic codes from all hospital admissions since 1987 and 80% of specialist outpatient care since 2001 \[[@pmed.1002980.ref038],[@pmed.1002980.ref039]\]. The National Crime Register includes criminal convictions since 1973 \[[@pmed.1002980.ref040],[@pmed.1002980.ref041]\]. The Education Register includes highest level of completed formal education \[[@pmed.1002980.ref042]\]. The integrated database for labor market research includes annual socioeconomic data for all individuals since 1990 \[[@pmed.1002980.ref043]\].

Measures {#sec009}
--------

### POA exposures {#sec010}

[S3 Appendix](#pmed.1002980.s003){ref-type="supplementary-material"} provides detailed information on the included POAs, including frequencies of prescriptions of specific POA medications and information on the type of clinic prescribing the medications. For example, while many prescriptions originated from obstetrics/gynecology and maternity care clinics, the majority of prescriptions originated from other types of clinics.

We included all prescriptions with Anatomical Therapeutic Chemical (ATC) codes beginning with N02A, acetaminophen/codeine combination medications, with ATC code N02BE51, and buprenorphine (N02AE01, N07BC01, N07BC51) and methadone (N07BC02) prescribed as POAs. We distinguished buprenorphine and methadone for pain treatment versus opioid use disorder treatment with criteria used in previous publications \[[@pmed.1002980.ref044],[@pmed.1002980.ref045]\].

We considered several exposure definitions using maternal POA prescriptions during nonoverlapping windows of time (Fig A in [S3 Appendix](#pmed.1002980.s003){ref-type="supplementary-material"}). We defined these windows relative to approximated last menstrual period (LMP) and conception dates. Consistent with prior research \[[@pmed.1002980.ref046]\], we first estimated LMP by subtracting gestational age (predominantly based on ultrasound measurements occurring the 18th to 20th week of pregnancy) from birth date and then estimated conception date by adding 14 days to LMP. Gestational age was predominantly based on ultrasound measurements given that approximately 95% of all pregnant women in Sweden undergo at least one ultrasound \[[@pmed.1002980.ref047]\].

Before-pregnancy-only exposure included those with a prescription 360 days before conception to 91 days before conception and no prescriptions 90 days before conception to birth.

Exposure during a washout period only (i.e., the period in which there would be ambiguity regarding whether a filled prescription would lead to use during pregnancy) included those with a prescription 90 days before conception to the day before conception and no prescriptions from conception to birth. We chose a 90-day window for the washout period because in Sweden the maximum amount of opioid medication dispensed is for a three-month period \[[@pmed.1002980.ref048]\]. Including the washout-period-only variable as a predictor in models prevented individuals who only had filled prescriptions that occurred shortly before pregnancy from being classified as either exposed or unexposed during pregnancy.

We defined during-pregnancy exposure as filled prescriptions anytime from conception to birth. We also used the timing of maternal prescriptions across trimesters to create proxies for short-term use (occurring in a single trimester) versus persistent use (occurring in multiple trimesters). Any use was the primary exposure, and secondary analyses examined whether associations differed by duration of use. We did not consider timing of exposure as defined by use in specific trimesters because preliminary analyses did not provide support for sensitive periods of exposure during pregnancy ([S4 Appendix](#pmed.1002980.s004){ref-type="supplementary-material"}). Specifically, these preliminary analyses showed that while the magnitude of the associations with first-trimester exposure only (conception to 89 days after LMP) were slightly larger than the magnitude of associations with second-trimester (90 to 179 days after LMP) or third-trimester (180 days after LMP to birth) exposure, the associations were not statistically significantly different for both PTB (*p* = 0.25) and SGA (*p* = 0.54).

### Active comparator medication exposure {#sec011}

We considered exposures to maternal acetaminophen (N02BE01) as prescriptions (1) anytime during pregnancy, (2) in a single trimester, and (3) in multiple trimesters. For all three exposures, we excluded individuals with maternal POA prescriptions anytime during pregnancy in order to capture acetaminophen-only exposure.

### Covariates {#sec012}

Pregnancy-related characteristics included birth order, year of birth, maternal-reported smoking during the first trimester, and maternal prescriptions of other psychiatric medications during pregnancy (Table A in [S3 Appendix](#pmed.1002980.s003){ref-type="supplementary-material"} includes ATC codes).

We included maternal and paternal characteristics that were associated with subsequent receipt of POAs \[[@pmed.1002980.ref020],[@pmed.1002980.ref049]\]. Specifically, maternal and paternal characteristics included pre-conception inpatient and outpatient diagnoses of opioid use disorder, non-opioid substance use disorder, schizophrenia or bipolar disorder, and definite or uncertain suicide attempts made according to International Classification of Disease (ICD) criteria; any pre-conception conviction of violent, nonviolent, drug or alcohol, or driving-related crimes; age at childbirth; highest level of education at year of birth; and country of origin.

Other familial and socioeconomic characteristics included maternal reports of parents cohabitating at birth, family-level income quintile at year of birth relative to the Swedish population in that year, and neighborhood deprivation score quintile at year of birth relative to the Swedish population in that year. Neighborhood deprivation score was based on a principal component analysis of several yearly indicators for small geographical areas constructed to delineate socially homogenous areas. The deprivation score for a given area incorporated the proportion of welfare recipients, unemployed individuals, immigrants, divorced individuals, and individuals with low educational attainment, as well as measures of residential mobility, crime rates, and neighborhood disposable income \[[@pmed.1002980.ref050]\].

### Outcomes {#sec013}

Outcomes were PTB (birth before 37 gestational weeks) and SGA (birth weight 2 standard deviations below the expected fetal weight for gestational age or lower).

Associations between POA exposure and birth outcomes {#sec014}
----------------------------------------------------

We fit five logistic regression models estimating associations between POA exposure and birth outcomes in the analytic sample using robust standard errors to account for clustering of individuals within nuclear families bound by the same biological mothers (i.e., siblings). In all models we included washout-period-only POA exposure as a dummy code.

We first fit all models using POA exposure anytime during pregnancy as the predictor. Then, we re-estimated the models using single-trimester and multiple-trimester exposure as predictors. [S5 Appendix](#pmed.1002980.s005){ref-type="supplementary-material"} lists predictors and comparison groups for the main analytic models.

### Population-wide associations comparing exposed with all unexposed infants {#sec015}

Models 1 and 2 estimated population-wide associations with POA exposure compared with unexposed infants. Model 1 (unadjusted) did not include any covariates. Model 2 (adjusted) included all measured characteristics as covariates in the regression models. We did not use propensity scores to adjust for measured characteristics because with a relatively limited number of covariates, propensity score methods make exactly as much adjustment as more traditional, outcome regression methods \[[@pmed.1002980.ref051]\], and prominent researchers have expressed serious concerns about the causal inferences researchers have drawn based on propensity score methods (e.g., \[[@pmed.1002980.ref051],[@pmed.1002980.ref052]\]). For the purpose of transparency, all parameter estimates from model 2 are listed in [S6 Appendix](#pmed.1002980.s006){ref-type="supplementary-material"}.

### Associations using alternative comparison groups {#sec016}

Models 3 through 5 used alternative comparison groups consisting of infants likely to share some maternal characteristics with exposed infants. Model 3 (comparative safety) \[[@pmed.1002980.ref053]\] compared POA-exposed infants with acetaminophen-only-exposed infants to assess the relative safety of the two medications. Given that both POAs and acetaminophen are prescribed for the treatment of pain, a null difference between POA-exposed and acetaminophen-exposed infants would indicate that POA use is as safe as a commonly used pain medication and provide support for confounding by indication.

Model 4 (before-pregnancy use) \[[@pmed.1002980.ref054]\] compared infants exposed to POAs during pregnancy with infants born to women with POA prescriptions before but not during pregnancy. By design, model 4 accounted for all unmeasured factors shared by women who were prescribed POAs around the time of pregnancy. No association between during-pregnancy exposure compared with exposure before pregnancy only would suggest that shared factors rather than a causal influence of intrauterine POA exposure is responsible for an observed increased occurrence in adverse birth outcomes among infants born to women who filled POA prescriptions during pregnancy.

Model 5 (sibling comparison) \[[@pmed.1002980.ref055]\] compared POA-exposed infants with their siblings who were unexposed to POAs during pregnancy. By design, this within-family comparisons accounts for all unmeasured genetic and environmental factors that make siblings similar, including all familial factors that were stable across pregnancies. A lack of association in a sibling comparison would suggest that familial risk factors rather than a causal effect of POA exposure during pregnancy explain observed population-wide associations. In addition to adjusting for potential unmeasured confounding factors by design (i.e., factors shared by the comparison groups), models 3 through 5 also included all measured covariates that varied between comparison groups.

Sensitivity analyses {#sec017}
--------------------

We also conducted several sensitivity analyses to evaluate our modeling assumptions and the extent to which the exposure and outcome definitions influenced the main analyses results (S7 to [S13 Appendix](#pmed.1002980.s013){ref-type="supplementary-material"}).

### Bias from exposure definitions {#sec018}

First, to explore potential bias from exposure misclassification, we estimated population associations while adjusting for all the covariates using several different exposure definitions: (1) an expanded exposure window that included the 90 days before conception in case a prescription that was filled shortly before pregnancy was used during pregnancy, (2) a restricted exposure window that excluded the three days before birth in case a woman was prescribed POAs at the end of her pregnancy to use after delivery, and (3) an exposure defined according to filled prescriptions or maternal-reported use in order to capture women who filled POA prescription before pregnancy but used them during pregnancy ([S7 Appendix](#pmed.1002980.s007){ref-type="supplementary-material"}).

Second, to evaluate whether a specific type of POA medication was largely driving our findings, we re-estimated adjusted associations in (1) a subsample excluding births occurring to women with during-pregnancy prescriptions of dextropropoxyphene (N02AC04 and N02AC54) because this medication is no longer prescribed in Sweden and (2) a subsample excluding births occurring to women with during-pregnancy methadone or buprenorphine prescriptions in case these infants were exposed to prescribed opioids for the treatment of opioid use disorder rather than pain ([S8 Appendix](#pmed.1002980.s008){ref-type="supplementary-material"}).

Third, in order to evaluate whether exposure to medications other than POAs that are included in POA combination medications influenced the main analyses result, we estimated adjusted associations in a subsample excluding births occurring to mothers with filled prescriptions of combination POA medications (i.e., oxycodone/naloxone, buprenorphine/naloxone, morphine/antispasmodics, ketobemidone/antispasmodics, hydromorphone/antispasmodics, codeine combinations, and dextropropoxyphene combinations; [S9 Appendix](#pmed.1002980.s009){ref-type="supplementary-material"}).

Fourth, to further assess whether exposure to polypharmacy was responsible for observed associations with POA exposure, we re-estimated adjusted associations in a subsample excluding births occurring to women prescribed other psychiatric medications during pregnancy ([S10 Appendix](#pmed.1002980.s010){ref-type="supplementary-material"}).

### Sibling comparison assumptions {#sec019}

We conducted two sets of analyses to evaluate the assumptions of sibling comparisons ([S11 Appendix](#pmed.1002980.s011){ref-type="supplementary-material"}). To evaluate whether individuals with siblings differed from the full population, we re-estimated adjusted associations in a subsample comprised of the women that contributed more than once to the full population sample (i.e., women that had more than one singleton birth in the study period). To evaluate if the sibling comparisons were biased by carryover effects (i.e., exposure in an earlier pregnancy affecting subsequent pregnancies), we compared differentially exposed pairs of firstborn cousins.

### Bias from outcome definitions {#sec020}

To evaluate whether any potential influence of POA exposure was not reflected in the clinical cutoff values of the birth outcomes, we fit all of the main models predicting birth outcomes on continuous scales. Specifically, we predicated (1) gestational age measured in days and (2) birth weight measured in grams adjusted for gestational age ([S12 Appendix](#pmed.1002980.s012){ref-type="supplementary-material"}).

### Influence of missing data {#sec021}

We conducted two sensitivity analyses to evaluate whether missing data influenced our findings ([S13 Appendix](#pmed.1002980.s013){ref-type="supplementary-material"}). First, we estimated the association between absence of data and POA exposure in the target sample.

Then, we assessed the potential confounding influence of the covariates with missing data by removing these covariates from the fully adjusted model in the analytic sample and fitting this alternative model in both the analytic and target samples to evaluate whether the findings in the restricted (analytic) sample appear to represent the findings of the full (target) sample.

Results {#sec022}
=======

Participants {#sec023}
------------

We started with a population-based sample of 711,986 births occurring in Sweden between July 1, 2007, and December 31, 2013. To create the target sample, we sequentially excluded infants with invalid child identifiers (2,648), maternal identifiers (107), and sex (6); multiple births (19,844); births missing gestational age (173); and births exposed to buprenorphine or methadone for opioid use disorder treatment rather than pain (276). To create the analytic sample from the target sample, we excluded 68,474 infants with missing covariate data. The final analytic cohort of 620,458 births represented approximately 90% of the target sample. We also identified 288,995 births occurring to the same mother in the analytic sample for inclusion in sibling comparison analyses. This sample of siblings that shared mothers included 9,201 unique mothers.

Demographics {#sec024}
------------

[Table 1](#pmed.1002980.t001){ref-type="table"} compares background characteristics among infants exposed to any POA during pregnancy and all the unexposed infants in the target sample. Additionally, [S14 Appendix](#pmed.1002980.s014){ref-type="supplementary-material"} shows the prevalence of background characteristics stratified by all exposure groups, including infants with single- and multiple-trimester exposure. We provided demographic data from the target sample in order to document the prevalence of missing data on covariates, which ranged from none to approximately four percent.

10.1371/journal.pmed.1002980.t001

###### Demographics in the target sample.

![](pmed.1002980.t001){#pmed.1002980.t001g}

  Pregnancy-related characteristics                         Unexposed         Ever exposed     Associations comparing exposed to unexposed   
  --------------------------------------------------------- ----------------- ---------------- --------------------------------------------- -----------
  Birth order                                                                                                                                
      1st                                                   296,455 (45.01)   11,883 (39.15)   Reference                                     Reference
      2nd                                                   241,854 (36.72)   10,884 (35.86)   1.12 (1.09--1.15)                             \<0.001
      3rd or higher                                         120,271 (18.26)   7,585 (24.99)    1.57 (1.53--1.62)                             \<0.001
  Year of birth                                                                                                                              
      2007 to 2009                                          246,792 (37.47)   11,016 (36.29)   Reference                                     Reference
      2010 to 2013                                          411,788 (62.53)   19,336 (63.71)   1.05 (1.03--1.08)                             \<0.001
  Maternal smoking during the first trimester                                                                                                
      None                                                  596,358 (90.55)   25,881 (85.27)   Reference                                     Reference
      Moderate (1 to 9 cigarettes per day)                  30,513 (4.63)     2,455 (8.09)     1.85 (1.78--1.94)                             \<0.001
      High (10 or more cigarettes per day)                  8,409 (1.28)      918 (3.02)       2.52 (2.35--2.70)                             \<0.001
      Missing                                               23,300 (3.54)     1,098 (3.62)     1.09 (1.02--1.16)                             0.01
  Exposure to other psychiatric medications                 28,432 (4.32)     4,695 (15.47)    3.74 (3.63--3.86)                             \<0.001
  **Maternal characteristics**                                                                                                               
  Opioid use disorder before conception                     468 (0.07)        123 (0.41)       5.72 (4.69--6.98)                             \<0.001
  Non-opioid substance use disorder before conception       10,298 (1.56)     960 (3.16)       2.06 (1.92--2.20)                             \<0.001
  Schizophrenia or bipolar disorder before conception       2,576 (0.39)      285 (0.94)       2.42 (2.14--2.73)                             \<0.001
  Definite or uncertain suicide attempt before conception   11,181 (1.70)     1,247 (4.11)     2.48 (2.34--2.63)                             \<0.001
  Any criminal convictions before conception                43,190 (6.56)     3,352 (11.04)    1.77 (1.70--1.84)                             \<0.001
  Age at year of birth                                                                                                                       
      Less than 19 years                                    6,797 (1.03)      188 (0.62)       0.62 (0.53--0.71)                             \<0.001
      20 to 29 years                                        256,894 (39.01)   11,526 (37.97)   Reference                                     Reference
      30 to 39 years                                        362,436 (55.03)   16,858 (55.54)   1.04 (1.01--1.06)                             \<0.001
      40 to 45 years                                        31,600 (4.80)     1,736 (5.72)     1.22 (1.16--1.29)                             \<0.001
      46 years and older                                    853 (0.13)        44 (0.14)        1.15 (0.85--1.56)                             0.37
  Highest level of education at year of birth                                                                                                
      Less than 9 years                                     19,895 (3.02)     865 (2.85)       Reference                                     Reference
      9 years                                               50,739 (7.70)     3,729 (12.29)    1.69 (1.57--1.82)                             \<0.001
      1 to 3 years upper secondary                          239,629 (36.39)   13,022 (42.90)   1.25 (1.17--1.34)                             \<0.001
      Any postsecondary or postgraduate                     332,690 (50.52)   12,301 (40.53)   0.85 (0.79--0.91)                             \<0.001
      Missing                                               15,629 (2.37)     435 (1.43)       0.64 (0.57--0.72)                             \<0.001
  Country of origin                                                                                                                          
      Sweden                                                502,636 (76.32)   24,079 (79.33)   1.19 (1.16--1.23)                             \<0.001
      Missing                                               98 (0.01)         1 (0.00)         0.26 (0.04--1.82)                             0.17
  **Paternal characteristics**                                                                                                               
  Opioid use disorder before conception                     984 (0.15)        102 (0.34)       2.26 (1.84--2.77)                             \<0.001
  Non-opioid substance use disorder before conception       11,554 (1.75)     832 (2.74)       1.58 (1.47--1.70)                             \<0.001
  Schizophrenia or bipolar disorder before conception       1,968 (0.30)      144 (0.47)       1.59 (1.34--1.88)                             \<0.001
  Definite or uncertain suicide attempt before conception   7,980 (1.21)      474 (1.56)       1.29 (1.18--1.42)                             \<0.001
  Any criminal convictions before conception                120,387 (18.28)   7,117 (23.45)    1.37 (1.33--1.41)                             \<0.001
  Age at year of birth                                                                                                                       
      Less than 19 years                                    2,023 (0.31)      67 (0.22)        0.71 (0.56--0.91)                             0.01
      20 to 29 years                                        157,717 (23.95)   7,352 (24.22)    Reference                                     Reference
      30 to 39 years                                        377,775 (57.36)   17,021 (56.08)   0.97 (0.94--0.99)                             0.02
      40 to 45 years                                        79,403 (12.06)    3,939 (12.98)    1.06 (1.02--1.11)                             \<0.001
      46 years and older                                    27,724 (4.21)     1,346 (4.43)     1.04 (0.98--1.11)                             0.18
      Missing                                               13,938 (2.12)     627 (2.07)       0.97 (0.89--1.05)                             0.40
  Highest level of education at year of birth                                                                                                
      Less than 9 years                                     17,865 (2.71)     788 (2.60)       Reference                                     Reference
      9 years                                               60,313 (9.16)     3,432 (11.31)    1.29 (1.19--1.40)                             \<0.001
      1 to 3 years upper secondary                          293,777 (44.61)   15,014 (49.47)   1.16 (1.08--1.25)                             \<0.001
      Any postsecondary or postgraduate                     259,281 (39.37)   9,985 (32.90)    0.87 (0.81--0.94)                             \<0.001
      Missing                                               27,344 (4.15)     1,133 (3.73)     0.94 (0.86--1.03)                             0.19
  Country of origin                                                                                                                          
      Sweden                                                492,997 (74.86)   23,367 (76.99)   1.13 (1.10--1.16)                             \<0.001
      Missing                                               14,042 (2.13)     629 (2.07)       1.07 (0.98--1.16)                             0.12
  **Other familial and socioeconomic characteristics**                                                                                       
  Parental cohabitation status at birth                                                                                                      
      Parents not cohabitating at birth                     39,845 (6.05)     2,302 (7.58)     1.28 (1.22--1.34)                             \<0.001
      Missing                                               24,936 (3.79)     1,194 (3.93)     1.06 (1.00--1.12)                             0.06
  Family income at year of birth                                                                                                             
      1st quintile (lowest income)                          55,036 (8.36)     2,183 (7.19)     0.83 (0.79--0.87)                             \<0.001
      2nd quintile                                          85,747 (13.02)    4,319 (14.23)    1.03 (0.99--1.07)                             0.11
      3rd quintile                                          190,101 (28.87)   9,292 (30.61)    Reference                                     Reference
      4th quintile                                          222,018 (33.71)   10,098 (33.27)   0.93 (0.90--0.96)                             \<0.001
      5th quintile (highest income)                         105,678 (16.05)   4,460 (14.69)    0.86 (0.83--0.90)                             \<0.001
      Missing                                               2,005 (0.30)      39 (0.13)        0.48 (0.35--0.66)                             \<0.001
  Neighborhood deprivation at year of birth                                                                                                  
      1st quintile (least neighborhood deprivation)         96,203 (14.61)    4,179 (13.77)    0.96 (0.92--1.00)                             0.05
      2nd quintile                                          113,124 (17.18)   5,037 (16.60)    0.98 (0.94--1.02)                             0.35
      3rd quintile (reference)                              118,578 (18.01)   5,379 (17.72)    Reference                                     Reference
      4th quintile                                          140,301 (21.30)   6,532 (21.52)    1.03 (0.99--1.07)                             0.24
      5th quintile (most neighborhood deprivation)          190,374 (28.91)   9,225 (30.39)    1.07 (1.03--1.11)                             \<0.001
      Missing                                               1,189 (0.18)      43 (0.14)        0.83 (0.61--1.13)                             0.24

Abbreviations: CI, confidence interval; OR, odds ratio

In the final analytic sample, 4.4% of infants were exposed to POAs anytime during pregnancy, with 3.7% exposed in a single trimester and 0.7% exposed in multiple trimesters ([Table 2](#pmed.1002980.t002){ref-type="table"}).

10.1371/journal.pmed.1002980.t002

###### Proportion of infants with POA and acetaminophen exposure in the analytic sample.

![](pmed.1002980.t002){#pmed.1002980.t002g}

  Exposure                          *N* (%)
  --------------------------------- ---------------
  **POA exposure**                  
  Before-pregnancy-only             18,883 (3.04)
  Washout-period-only               7,199 (1.16)
  Anytime during pregnancy          27,559 (4.44)
  Single-trimester                  23,211 (3.74)
  Multiple-trimesters               4,348 (0.70)
  **Acetaminophen-only exposure**   
  Anytime during pregnancy          13,116 (2.11)
  Single-trimester                  10,293 (1.66)
  Multiple-trimesters               2,823 (0.45)

Abbreviation: POA, prescribed opioid analgesic

PTB occurred more often among exposed (6.4%) than unexposed (4.4%) infants, particularly among infants with multiple-trimester exposure (5.8% of single-trimester-exposed, 9.6% of multiple-trimester-exposed); and about 2% of infants were SGA regardless of exposure status (2.1% of unexposed, 2.2% of exposed, 2.0% of single-trimester-exposed, and 3.04% of multiple-trimester-exposed; [S15 Appendix](#pmed.1002980.s015){ref-type="supplementary-material"}).

Associations with PTB {#sec025}
---------------------

### Exposure anytime during pregnancy {#sec026}

The unadjusted association between any exposure to POAs and PTB (odds ratio \[OR\] = 1.48, 95% confidence interval \[CI\] 1.41--1.56, *p* \< 0.001; [Table 3](#pmed.1002980.t003){ref-type="table"}) was attenuated but remained robust after adjustment for measured covariates (OR = 1.38, 95% CI 1.31--1.45, *p* \< 0.001) and was further attenuated when we used the alternative comparison groups (comparative safety OR = 1.18, 95% CI 1.07--1.30, *p* \< 0.001; before-pregnancy-use OR = 1.05, 95% CI 0.96--1.14, *p* = 0.27; siblings OR = 0.99, 95% CI 0.85--1.14, *p* = 0.92).

10.1371/journal.pmed.1002980.t003

###### Associations between POA exposure and adverse birth outcomes.
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  Exposure and outcomes               Model 1: Unadjusted   Model 2: Adjusted   Model 3: Comparative safety   Model 4: Before-pregnancy-only comparison   Model 5: Sibling comparison                                                               
  ----------------------------------- --------------------- ------------------- ----------------------------- ------------------------------------------- ----------------------------- --------- ------------------- --------- ------------------- ------
  **PTB**                                                                                                                                                                                                                                           
  Exposure anytime during pregnancy   1.48 (1.41--1.56)     \<0.001             1.38 (1.31--1.45)             \<0.001                                     1.18 (1.07--1.30)             \<0.001   1.05 (0.96--1.14)   0.27      0.99 (0.85--1.14)   0.92
  Exposure in a single trimester      1.34 (1.26--1.41)     \<0.001             1.27 (1.20--1.34)             \<0.001                                     0.91 (0.83--0.99)             0.03      1.00 (0.92--1.09)   0.99      0.99 (0.85--1.15)   0.87
  Exposure in multiple trimesters     2.31 (2.08--2.55)     \<0.001             1.97 (1.77--2.18)             \<0.001                                     1.53 (1.36--1.72)             \<0.001   1.52 (1.28--1.80)   \<0.001   1.04 (0.70--1.55)   0.83
  **SGA**                                                                                                                                                                                                                                           
  Exposure anytime during pregnancy   1.04 (0.96--1.13)     0.35                1.02 (0.93--1.10)             0.64                                        0.98 (0.85--1.13)             0.80      0.93 (0.81--1.06)   0.26      0.91 (0.70--1.19)   0.55
  Exposure in a single trimester      0.96 (0.88--1.06)     0.43                0.95 (0.87--1.04)             0.29                                        0.87 (0.76--1.01)             0.06      0.90 (0.78--1.03)   0.13      0.90 (0.69--1.18)   0.44
  Exposure in multiple trimesters     1.45 (1.22--1.73)     \<0.001             1.40 (1.17--1.67)             \<0.001                                     1.41 (1.15--1.73)             0.001     1.20 (0.89--1.60)   0.23      1.22 (0.60--2.48)   0.58

Models 1 and 2 estimated population-wide associations with POA-exposed infants compared with unexposed infants. Model 1 did not include any covariates. Model 2 included all measured characteristics as covariates in the regression models. Models 3 through 5 used alternative comparison groups consisting of infants likely to share some characteristics with exposed infants while also controlling for measured covariates. Model 3 compared infants born to women prescribed POAs during pregnancy with infants born to women prescribed acetaminophen only during pregnancy. Model 4 compared infants born to women prescribed POAs during pregnancy with infants born to women prescribed POA before but not during pregnancy. Model 5 compared POA-exposed infants with their unexposed siblings.

Abbreviations: CI, confidence interval; OR, odds ratio; POA, prescribed opioid analgesic; PTB, preterm birth; SGA, small for gestational age

### Short-term versus persistent exposure during pregnancy {#sec027}

We observed a similar pattern of attenuated associations with increasing confounder control also when separating single- and multiple-trimester exposure, although this also revealed that associations for multiple-trimester exposure were consistently more pronounced than for single-trimester exposure. The unadjusted associations (single-trimester OR = 1.34, 95% CI 1.26--1.41, *p* \< 0.001 and multiple-trimester OR = 2.31, 95% CI 2.08--2.55, *p* \< 0.001) suggested a relationship with duration of use that remained despite attenuation in adjusted models (single-trimester OR = 1.27, 95% CI 1.20--1.34, *p* \< 0.001 and multiple-trimester OR = 1.97, 95% CI 1.77--2.18, *p* \< 0.001); however, the associations were partially attenuated when using some of the alternative comparison groups (comparative safety: single-trimester OR = 0.91, 95% CI 0.83--0.99, *p* = 0.03 and multiple-trimester OR = 1.53, 95% CI 1.36--1.72, *p* \< 0.001; before-pregnancy-use: single-trimester OR = 1.00, 95% CI 0.92--1.09, *p* = 0.99 and multiple-trimester OR = 1.52, 95% CI 1.28--1.80, *p* \< 0.001) and fully attenuated in the sibling comparison (single-trimester OR = 0.99, 95% CI 0.85--1.15, *p* = 0.87 and multiple-trimester OR = 1.04, 95% CI 0.70--1.55, *p* = 0.83).

Associations with SGA {#sec028}
---------------------

### Exposure anytime during pregnancy {#sec029}

Across models 1 through 5, associations were negligible ([Table 3](#pmed.1002980.t003){ref-type="table"}).

### Short-term versus persistent exposure during pregnancy {#sec030}

Similar to the findings for PTB, the association between POAs exposure and SGA differed according to the duration of use ([Table 3](#pmed.1002980.t003){ref-type="table"}). While there was no association with single-trimester exposure (unadjusted OR = 0.96, 95% CI 0.88--1.06, *p* = 0.43), a moderate association with multiple-trimester exposure (unadjusted OR = 1.45, 95% CI 1.22--1.73, *p* \< 0.001) remained in the adjusted (OR = 1.40, 95% CI 1.17--1.67, *p* \< 0.001) and comparative safety (OR = 1.41, 95% CI 1.15--1.73, *p* = 0.001) models but was attenuated in the before-pregnancy-use (OR = 1.20, 95% CI 0.89--1.60, *p* = 0.23) and siblings (OR = 1.22, 95% CI 0.60--2.48, *p* = 0.58) models.

Sensitivity analyses {#sec031}
--------------------

### Bias from exposure definitions {#sec032}

[S7 Appendix](#pmed.1002980.s007){ref-type="supplementary-material"} examined potential bias from exposure misclassification and found the same pattern of results with a number of alternative exposure definitions (i.e., the expanded prescription window definition, the restricted prescription window definition, and the definition according to maternal-reported POA use or during-pregnancy prescriptions). [S8 Appendix](#pmed.1002980.s008){ref-type="supplementary-material"} suggested that findings were not largely driven by dextropropoxyphene, an opioid that is no longer prescribed, or by opioids that are also prescribed for the treatment of opioid use disorder. [S9 Appendix](#pmed.1002980.s009){ref-type="supplementary-material"} showed commensurate adjusted associations in a subsample excluding those with during-pregnancy prescriptions of combination POA medications, suggesting that the results were not driven by inclusion of combination POA medications. Similarly, [S10 Appendix](#pmed.1002980.s010){ref-type="supplementary-material"} showed comparable adjusted associations in a subsample excluding those with during-pregnancy polypharmacy, suggesting that associations with POA exposure observed in main analyses were not driven by exposure to polypharmacy.

### Sibling comparison assumptions {#sec033}

Two analyses in [S11 Appendix](#pmed.1002980.s011){ref-type="supplementary-material"} examined assumptions of sibling comparisons. The first analysis suggested that attenuation in sibling comparisons was not due to restricting the sample to infants with siblings, because population-wide associations were comparable in samples of infants with and without siblings. The second analysis suggested that sibling comparison findings were not due to carryover effects (i.e., exposure in a prior pregnancy affecting subsequent pregnancies) because comparisons of firstborn cousins showed the same pattern of results as the sibling comparison findings.

### Bias from outcome definitions {#sec034}

[S12 Appendix](#pmed.1002980.s012){ref-type="supplementary-material"} demonstrated that using clinical cutoff values for the outcomes did not cause a failure to detect an influence of POA exposure by estimating associations with two continuously measured birth outcomes. Any POA exposure was associated with reduced gestational age in unadjusted models, and the associations attenuated in subsequent models. POA exposure was not associated with reduced birth weight adjusted for gestational age across any of the models.

### Influence of missing data {#sec035}

[S13 Appendix](#pmed.1002980.s013){ref-type="supplementary-material"} suggests that excluding infants with missing data did not bias our results. Absence of data was not associated with prescriptions anytime during pregnancy after adjusting for all measured covariates in our target sample (OR = 1.03, 95% CI 0.98--1.08), indicating that covariate adjustment helped minimize potential bias from missing data. Moreover, removing the covariates with missing data (smoking during pregnancy, maternal and paternal education, maternal and paternal country of origin, paternal age at childbearing, parental cohabitation status at birth, family income, and neighborhood deprivation) from the fully adjusted model did not meaningfully change the association in the analytic sample, and this alternative model yielded similar estimates of association in the target sample as the analytic sample.

Discussion {#sec036}
==========

In a population-based sample of Swedish births occurring between 2007 and 2013, we used multiple observational designs to evaluate the consequences of prenatal POA exposure on the risk of two adverse birth outcomes---PTB and SGA. Compared with unexposed infants, infants exposed to POAs anytime during pregnancy, in a single trimester, and in multiple trimesters were all at increased risk for PTB, although infants exposed in multiple trimesters had the greatest risk. However, when we used comparison groups consisting of unexposed infants that shared characteristics with exposed infants, the associations with PTB were attenuated, suggesting that observed associations were largely due to unmeasured confounding factors. For example, siblings exposed anytime during pregnancy, in a single trimester, and in multiple trimesters were not at increased PTB risk compared with their unexposed siblings, which suggests that unmeasured genetic and environmental factors shared by siblings account for observed population-wide associations.

For SGA, we only observed associations with persistent POA exposure (i.e., in multiple trimesters). We observed the higher risk of SGA among exposed infants when we made comparisons to unexposed infants, as well as acetaminophen-exposed infants. However, the association was attenuated when we used infants born to mothers with POA prescriptions before pregnancy only and unexposed siblings as the comparison groups, which again suggests that the observed associations were largely due to confounding factors.

Our study had several noteworthy strengths that distinguish it from previous studies. First, we used multiple methods that were able to account for both measured and unmeasured sources of confounding and found converging evidence across these methods that suggested that the observed associations with birth outcomes were at least partially due to confounding. This converging evidence suggests that our conclusions are not due to violations of the assumptions of one design. Second, we reduced the potential influence from exposure misclassification by including a 90-day prepregnancy washout period and conducting multiple sensitivity analyses to evaluate the influence of potential exposure misclassification. Third, unlike most previous studies that examined any POA use anytime during pregnancy, we defined exposure by the number of trimesters with prescriptions and the number of prescriptions throughout pregnancy, as well as evaluated for sensitive periods of exposure by estimating associations with exposure earlier and later in pregnancy. Fourth, we excluded opioids used to treat opioid use disorder. Most previous studies focused on two opioids---methadone and buprenorphine---in the context of medication-assisted treatment of opioid use disorder or did not differentiate between POAs and opioids prescribed for opioid use disorder treatment. This is an important distinction because women who are prescribed opioids to manage pain presumably differ on several important background characteristics compared with women who are prescribed opioids for the treatment of opioid use disorder.

Our study also had several limitations. First, our exposure was subject to misclassification because mothers may not have taken their prescribed medications. Second, because of the rarity of the exposures, we did not evaluate associations with specific POA medications, and we did not examine pill dosages, number of pills prescribed, and number days covered. Therefore, future research should utilize finer-grained measurements, such as morphine equivalent units, which take into account the number of pills prescribed, numbers of days supplied, strength per pill, and type of POA \[[@pmed.1002980.ref056]\]. Third, the comparative safety model evaluated the relative safety of POA exposure compared with acetaminophen exposure, and a null difference could have been due to adverse effects of both medications rather than confounding by common indications for the medications. Fourth, we did not have measures of indications for POA use, although we used several methods to assess the influence of unmeasured confounding factors. Nonetheless, future research should evaluate associations with POA treatment during pregnancy among women with conditions causing chronic pain (e.g., back pain, abdominal pain, fibromyalgia, and rheumatoid arthritis) \[[@pmed.1002980.ref002]\] in order to compare exposed to unexposed with similar conditions for which POA treatment is indicated. Fifth, we do not know if unmeasured confounding biased results. In particular, we cannot rule out the possibility that further unmeasured confounding factors account for the remaining observed associations, particularly with multiple-trimester exposure. Indeed, women who use POAs in multiple trimesters are likely to have more severe conditions requiring chronic POA treatment, which could result in greater unmeasured confounding by indication. Sixth, we do not know if our findings will generalize to countries outside of Sweden given between-country differences (e.g., higher prescribing rates in the US compared to Sweden) \[[@pmed.1002980.ref002],[@pmed.1002980.ref057]\]; however, in theory these differences would not impact the ability to detect a causal effect of POA exposure. Nonetheless, future research should evaluate whether our findings apply to populations outside of Sweden. Seventh, we excluded infants that did not have information on all covariates. However, sensitivity analyses suggested that excluding these infants from the main analyses did not influence our conclusions ([S13 Appendix](#pmed.1002980.s013){ref-type="supplementary-material"}). Eighth, we only explored two birth outcomes and were not able to explore more rare birth outcomes, such as extreme PTB. However, sensitivity analyses showed the same pattern of results with continuous measures of gestational age and fetal growth ([S12 Appendix](#pmed.1002980.s012){ref-type="supplementary-material"}). Future research should examine the consequences of prenatal POA exposure on other important adverse birth outcomes (e.g., birth defects), as well as outcomes presenting later in development (e.g., autism and attention-deficit hyperactivity disorder).

Despite the limitations, our study has important clinical implications. The vast majority of infants exposed during pregnancy did not have PTB and were not SGA. The absolute risk was low even among infants with persistent exposure, with 90% not having PTB and 97% not being SGA. Although we could not rule out small independent associations, particularly for persistent exposure during pregnancy, our results suggested that associations between prenatal POA exposure and PTB and SGA were largely due to confounding factors associated with maternal POA use during pregnancy rather than causal effects of POA exposure. We believe our findings are valuable as they may help doctors and patients better weigh the risks and benefits of POA use in women of childbearing age and pregnant women, although decision-making must consider a wide range of potential adverse outcomes. Our results also indicate that women of childbearing years should be assessed for a broad range of risk factors, and interventions aimed at reducing the incidence of adverse birth outcomes associated with maternal POA use during pregnancy should target co-occurring risk factors.
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Table 2- it is more conventional for the demographic information to be Table 1. Please reorder and amend any call outs in the text to any re-ordered table.
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Comments from the reviewers:

Reviewer \#1: This is a well-conducted study on the association between maternal prescribed opioid analgesic use and adverse birth outcomes using population data. The study design, datasets, statistical methods and analyses are mostly adequate and of a good standard, however the presentation and the interpretation of the results could be improved.

1\) The abstract is too long especially in the methods and findings part. Need to be concise to summarise the main findings not all findings and also be able to deliver the key messages. At the moment, it is all over the place with too much details therefore a bit difficult to read.

2\) Table 2 is a massive table, however it was summarised only by a small paragraph with 5 lines (line 273-277)? and about missing values and their impact? Basically Table 2 is very descriptive, a bit messy to read and not very informative. It would be better to at least have odd ratios in the table to be more informative.

3\) Missing data. The study is based on complete data analyses therefore sensitivity analysis of missing data is very important. However, Table 2 is not fit for this purpose. A comparison table between complete data and missing data on all the different characteristics and birth outcomes should be included in the main paper or supplementary information. The differences should be seriously discussed and commented as a way of sensitivity analysis.

4\) Table 3 is a key and useful table. However, it needs extensive footnotes to explain clearly what exactly these 5 models were adjusted for. It is not practical and reader-friendly for readers to go back to check these in the methods section.

5\) There are quite a few subgroup and sensitivity analyses apart from the main analyses and sometimes it\'s a bit difficult to follow. Can authors provide clear explanations and logics to why these many sub-analyses are necessary and what they are really for? The same applies to the 5 models.

Reviewer \#2: This manuscript is a population-based analysis that aims to determine the causal impact of maternal prescribed opioid analgesic use during pregnancy and adverse birth outcomes. I thought this was an excellent analysis and well-written manuscript, and I was particularly impressed with the series of sensitivity analyses addressing various possible biases and looking for ways to fully account for measured and unmeasured confounding.

Comments:

1\. Abstract conclusion, line 60: Would it be fair to say that the confounding factors are those that are usually unmeasured in other studies, e.g. those that were only accounted for when comparing with unexposed siblings or cousins? I think this could be made clearer in the conclusion.

2\. Discussion, first paragraph - I think the main findings could be more clearly expressed here. It is a very complex series of analyses, so I understand that they are difficult to condense, but I don\'t think the main findings, as expressed in the Abstract are clear enough here.

3\. Could the authors please further justify their reasons for not dealing with the large proportion of missing data through a principled missing data technique such as multiple imputation or inverse probability weighting? The authors state that missingness was weakly associated with exposure status, but what about the association with the outcome? Were there auxiliary variables available (those not already in the adjusted models) that could have been used in multiple imputation?

Minor comments:

\- I was sometimes confused by the term \'offspring\' and would suggest changing this to \'infants\' throughout. When reading about \'exposed and unexposed offspring\' I thought initially that this was a sibling comparison, as I was interpreting this as the exposed and unexposed infants being the offspring of the same mother.

Line 89 - Acetaminophen is called paracetamol in Australia (and possibly other countries?). I would suggest putting paracetamol in brackets after the first mention, and perhaps give a very small description as well.

Line 94 - Were the authors able to remove women who used opioids illicitly during the pregnancy or just those on a treatment register?

Line 127-128 - Should this be 360 to 91 days before conception (not 89)? Otherwise there is a one-day cross-over with the wash-out period.

Line 168 - Suggest \"birthweight 2 standard deviations below the expected fetal weight for gestational age or lower\", otherwise sounds like it is less than 2 standard deviations, e.g. 1 SD.

Line 193 - Doesn\'t the null difference between POA-exposed and acetaminophen-exposed offspring only provide support for confounding by indication if it is assumed that acetaminophen is safe and has no influence on the adverse outcomes? I think this needs to be discussed, perhaps in the Methods, with references to support this assumption.

Line 214 - \'exposures\' should be \'exposure\'.

Line 216 - what was the reason/justification for the restricted exposure window excluding 3 days before birth?

Line 235-236 - \"Fifth, in order to assess if results with exposure in a single trimester and exposure in multiple trimesters would replicate with another exposure also evaluating quantity of exposure,...\" I found this phrase difficult to follow. Perhaps \"Fifth, in order to assess whether the single versus multiple trimester dose-response results would be replicated with another indicator based on quantity of exposure,...\"

Line 259 - Does the inclusion of 9201 unique mothers mean that siblings with the same father but different mother were included? Can the authors elaborate on why these siblings were included? While siblings with the same father may account for some factors, they do not account for the mother-specific confounders, including ongoing health issues that might affect placental health and risk of preterm, SGA etc.

Line 265 - Does the prescribed opioid analgesic exposure group exclude those prescribed acetaminophen?

Line 332 - Include short description of continuous outcome findings.

Line 349-351 - Aren\'t the commensurate findings the case for all analyses except for the sibling and cousin comparisons, which showed null findings?

Reviewer \#3: This is an interesting study exploring the relationships between prescription opioid analgesia prescriptions and two birth outcomes, mainly preterm birth (defined as prior to 37 weeks) and small for gestational age (as a proxy for IUGR). The authors used a large robust database and attempted by using multiple analysis to control for as many confounders as they could (including the main issue of confounding by indication, by comparing with acetaminophen prescription and sibling comparisons). This is a vast improvement on other studies which didn\'t attempt to control for these factors. The authors do a good job of explaining the rationale for the study in the introduction and reviewing the literature to date. The abstract reflects the main findings, the writing is clear, though a bit wordy. The discussion clearly delineates the strengths, weaknesses, and areas for further study. It would be good to use such a large database to look at birth defects.

I would suggest a few changes.

Table 2 is very long and some of the variables are quite granular. It is unclear if their initial logistic regression analysis included all of these covariates and found them all to be non-significant (it would be interesting to look at poverty and smoking separately) and then settled on pre-pregnancy exposure and sibling exposure as being the ones that settled out from the logistic regression (and thus redid the analysis using just those variables). I\'m not a statistician so I cannot speak to the robustness of the statistical analysis.

I was interested to see that 18-29% of the fathers had prior criminal involvement (if I\'m reading that correctly). I think that would influence the outcomes, especially if interpersonal violence is involved.

Reference 46 looks like it was glitched in the referencing software and needs to be redone.

There\'s a typo on page 25 of the supplementary materials.

Reviewer \#4:

Thank you for the opportunity to review this manuscript. I found it very informative and extremely well written

My only minor suggestions are:

Line 63 The estimate of 30% of pregnant women filling opioid prescriptions seems very high, please give more details of this study.

Line 70/71, can you put in % for use of POA, illicit and medication assisted treatment

Main analysis:

There is a great deal of information here. Some subheadings would help here given the many models tested, same comment for sensitivity analysis.

Any attachments provided with reviews can be seen via the following link:

\[LINK\]

10.1371/journal.pmed.1002980.r002
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Dear Dr. Sujan,

Thank you very much for re-submitting your manuscript \"Maternal prescribed opioid analgesic use during pregnancy and associations with adverse birth outcomes: A population-based study\" (PMEDICINE-D-19-02701R1) for review by PLOS Medicine.

I have discussed the paper with my colleagues and the academic editor and it was also seen again by reviewers. I am pleased to say that provided the remaining editorial and production issues are dealt with we are planning to accept the paper for publication in the journal.

The remaining issues that need to be addressed are listed at the end of this email. Any accompanying reviewer attachments can be seen via the link below. Please take these into account before resubmitting your manuscript:

\[LINK\]

Our publications team (<plosmedicine@plos.org>) will be in touch shortly about the production requirements for your paper, and the link and deadline for resubmission. DO NOT RESUBMIT BEFORE YOU\'VE RECEIVED THE PRODUCTION REQUIREMENTS.

\*\*\*Please note while forming your response, if your article is accepted, you may have the opportunity to make the peer review history publicly available. The record will include editor decision letters (with reviews) and your responses to reviewer comments. If eligible, we will contact you to opt in or out.\*\*\*

In revising the manuscript for further consideration here, please ensure you address the specific points made by each reviewer and the editors. In your rebuttal letter you should indicate your response to the reviewers\' and editors\' comments and the changes you have made in the manuscript. Please submit a clean version of the paper as the main article file. A version with changes marked must also be uploaded as a marked up manuscript file.

Please also check the guidelines for revised papers at <http://journals.plos.org/plosmedicine/s/revising-your-manuscript> for any that apply to your paper. If you haven\'t already, we ask that you provide a short, non-technical Author Summary of your research to make findings accessible to a wide audience that includes both scientists and non-scientists. The Author Summary should immediately follow the Abstract in your revised manuscript. This text is subject to editorial change and should be distinct from the scientific abstract.

We expect to receive your revised manuscript within 1 week. Please email us (<plosmedicine@plos.org>) if you have any questions or concerns.

We ask every co-author listed on the manuscript to fill in a contributing author statement. If any of the co-authors have not filled in the statement, we will remind them to do so when the paper is revised. If all statements are not completed in a timely fashion this could hold up the re-review process. Should there be a problem getting one of your co-authors to fill in a statement we will be in contact. YOU MUST NOT ADD OR REMOVE AUTHORS UNLESS YOU HAVE ALERTED THE EDITOR HANDLING THE MANUSCRIPT TO THE CHANGE AND THEY SPECIFICALLY HAVE AGREED TO IT.

Please ensure that the paper adheres to the PLOS Data Availability Policy (see <http://journals.plos.org/plosmedicine/s/data-availability>), which requires that all data underlying the study\'s findings be provided in a repository or as Supporting Information. For data residing with a third party, authors are required to provide instructions with contact information for obtaining the data. PLOS journals do not allow statements supported by \"data not shown\" or \"unpublished results.\" For such statements, authors must provide supporting data or cite public sources that include it.

If you have any questions in the meantime, please contact me or the journal staff on <plosmedicine@plos.org>.

We look forward to receiving the revised manuscript by Oct 25 2019 11:59PM.

Sincerely,

Louise Gaynor, MBBS PhD

Associate Editor

PLOS Medicine

[plosmedicine.org](http://plosmedicine.org)

\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\--

Requests from Editors:

\- the \"Background\" subsection of the abstract could do with trimming as it's very long and really just need to set the scene on your study. Please also provide p values with 95% Cis (and in the main text and tables) .

\- Author summary needs reformatting as it should be bullet points.

\- \"important clinical implications\" too many times in the paragraph at line 467 -- please reduce.

\- The references need reformatting (initials after surnames); refs 7 & 49 appear to be incomplete and it should be 6 names then et al, per Vancouver style.

\- The STROBE checklist needs to be broken out of the supplementary file into a separate document.

\- Incidentally, the supplementary file has a typo (\"conducing\" -\> \"conducting\", in line 4)

Comments from Reviewers:

Reviewer \#1: Thanks authors for their effort to improve the manuscript. I am satisfied with the response and the revision. All my questions were well addressed. No further issues needing attention.

Reviewer \#2: Thank you to the authors for responding to my concerns. I have no further questions.

Any attachments provided with reviews can be seen via the following link:

\[LINK\]

10.1371/journal.pmed.1002980.r004
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4 Nov 2019

Dear Dr. Sujan,

On behalf of my colleagues and the academic editor, Dr. Jenny Myers, I am delighted to inform you that your manuscript entitled \"Maternal prescribed opioid analgesic use during pregnancy and associations with adverse birth outcomes: A population-based study\" (PMEDICINE-D-19-02701R2) has been accepted for publication in PLOS Medicine.

PRODUCTION PROCESS

Before publication you will see the copyedited word document (in around 1-2 weeks from now) and a PDF galley proof shortly after that. The copyeditor will be in touch shortly before sending you the copyedited Word document. We will make some revisions at the copyediting stage to conform to our general style, and for clarification. When you receive this version you should check and revise it very carefully, including figures, tables, references, and supporting information, because corrections at the next stage (proofs) will be strictly limited to (1) errors in author names or affiliations, (2) errors of scientific fact that would cause misunderstandings to readers, and (3) printer\'s (introduced) errors.

If you are likely to be away when either this document or the proof is sent, please ensure we have contact information of a second person, as we will need you to respond quickly at each point.

PRESS

A selection of our articles each week are press released by the journal. You will be contacted nearer the time if we are press releasing your article in order to approve the content and check the contact information for journalists is correct. If your institution or institutions have a press office, please notify them about your upcoming paper at this point, to enable them to help maximize its impact.

PROFILE INFORMATION

Now that your manuscript has been accepted, please log into EM and update your profile. Go to <https://www.editorialmanager.com/pmedicine>, log in, and click on the \"Update My Information\" link at the top of the page. Please update your user information to ensure an efficient production and billing process.

Thank you again for submitting the manuscript to PLOS Medicine. We look forward to publishing it.

Best wishes,

Clare Stone, PhD

Managing Editor

PLOS Medicine

[plosmedicine.org](http://plosmedicine.org)

[^1]: I have read the journal\'s policy and the authors of this manuscript have the following competing interests: PDQ declared that research reported in this publication was supported by the National Institute on Drug Abuse of the National Institutes of Health under award number R00DA040727; BMD declared that he has received grants from NIH to support the work; HL reported having served as a speaker for Eli Lilly and Shire and receiving a research grant from Shire, all outside the submitted work; and PL reported having served as a speaker for Medice. The authors have declared that no other competing interests exist.
